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ABSTRACY

, & number of serum constituents were measured before, during and after one
saturation-excursion dive to 300 feet of sea water {(FSW), two saturation-excursion
dives to 600 FSW, and one saturation dive to 1000 FSW. Significant increases in
creatine phosphokinase (CPK) and lactate dehydrogenase (LDH) activity were noted
on both saturation-excursion profiles, however, there were essentially no changes
in serum enzyme activity during the saturation dive to 1000 FSW. On all 3 profiles,
serum lactic acid was elevated with the largest incr:ase occurring on the 1000 FSW
dive. No changes were noted in the serum lipid constituenta on any of hese dives,
These changes in serum biochemistries are discuvesed in-relation to the differences

in environmental conditions.
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SUMMARY

A number of serum consti.uents were measureda before,
during, and after one saturation-excursion dive to 300 feet
of sea water (FSW)}, two saturation-excursion dives to
600 FSW, and one saturation dive to 1000 FSW. Significant
increases in creatine phosphckinase (CPK) and 1a£tate
dehydrogenase (LDH) activity were noted on both saturation-
excursion profiles, however, there were essentially no
changes in serum enzyme activity duriang the saturation
dive to 1000 FSW. On all 3 profiles, serum lactic acid
was elevated with the largest increase occurring on the
1000 FSW dive. No changes were noted in the serum lipid
constituents on any of these dives. These changes in serum
biochemistries are discussed in relation to the differences

in environmental conditions.
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INTRODUCTION

AP N

In a recent report, we described the results of
4 extensive serum biochemical analysis cn divers during tweo

. 600 FSW* saturation dives (1). The major changes observed

badaki 'k Lt

were an increase in serum CPK activity and serum lactate.
Others have reported decreases in serum glucose during

saturation exposures (2,3). To extend these observations,

MY

similar studies were performed during a saturation-

excursion dive to 300 FSW and a saturation dive to 1000 FSW.

16 IBEARYS AR

Complete results on these analyses are compared in this

report as the basis for future studies.
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o *Abbreviaticas used in this manuscript: FSW = feet of
&
5 sea water, CPK = creacine phosphokinase, SGOT = glutamate
oxalacetate traunsaminase, LDH = lactate dehydrogenase,

~i7 PHOS = alkaline phosphatase

b




METHODRS

All dives were conducted in the hyperbaric chamber
complex of the Navy Experimental Diving Unit, Washington, D.C.
A total of 16 Navy divers, ranging in age from 23 to 37
were studied. The following dives were performed:

A. Four subjects were compressed ~n a mixture

of helium and oxygen in the dry chamb-r to a
1 simulated depth of 300 FSW at an integrated rate
é of 40 feet/hour (Figure 1). During the subsequent
six days at 300 FSW, each subject made three
excursion dives per day in the wet tank to depths
ranging from 350 to 450 FSW and for exposure times
ranging from 20 to 120 minutes. Compression and
decompressicn during these excursion dives was
rerformed at a rate of 60 feet/minute. Decompression
from the saturation depth of 300 FSW followed the
1 standard U S. Navy format (Table 1).
B. Eight subjects, four on each of two successive
dives, were compressed to a simulated depth of 600 FSW
on a mixture of helium and oxygen in the dry ch.mber
at an integrated rate of 40 feet/hour (Figure 2).

During the subsequent six days at the saturation

bt

depth, ezch diver made three excuision dives per day
in the wet tank to depths ranging from 650 to 750 FSV
and for dwu ations ranging from 20 to 120 minutes.

Compression and decompression rates during these
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excursions were at a rate of 60 feet/wioute.

Decompression from the saturation depth of €90 FSW

followed the standard U.S. Navy format. (Table 1)

C. Four subjecte were compressed at a rate of

5 feet/minute on a mixture of heiium and oxygen

to an ultimate saturation degprtl, of 1058 F3W (Figure 3).

During compression, three day intev:zediate stops

were made at 200, 400, 600, and 800 ¥SW. Four

days were spent at the saturaticn depth »f i000 FS¥%,

Decompreséioﬁ was performéd in accoerdance with

Table I, with the exception cf s 24 hour atop at

850 FSW to permit physiologic studies,

During these deep heliumn-oxygen dives, the chamber
atmosphere was monitored continuously for cxygen and carbhon
dioxide content, temperature, and relative humidity. Oxygen
concentration was maintained befween 0.:9 and 9.235
atmospheres, carbcn dioxide contear was nst allowed o
exceed 0.5%7 surface equivalent, remperature ranged from
80 to 89°F, and relative humidity rrom 50 to 7U%. The
water temperature in the wet: tank was maintained betwerz
85 and 90°F. FDeviations ttom these limits occurred only
during rapid compression and delompression. In all dives,
the divers periormed moderate work by swimming againrt a
trapeze ergometer and by lifting w2ights on a teu minute
work, five minute rest rvcle. Conmplete descriptions of

these dive vrofiles have been published elsewhere (4,5},
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Fasting blood samples were obtained by venipuncture
at 0700 hours on the days indicated (Fig. 1-3). The blood
samples drawn at increased ambient pressure were de-
compressed at 15 feet/minute. After clotting, samples
were centrifuged and the serum was withdrawn. Prior to
centrifugation, samples were stored in an ice bath. Serum
hemoglobin was measured to eliminate samples that had
concentrations greater than 15 mg%.

Analysis of serum was performed as previously
described (1). Serum glutamate-oxalacetate transaminase
and alkaline phosphatase were measured with commercial
reagent kits manufactured by Warner Chilcott and

Boehringer Mannheim, respectively.*

*Mention of commercial products is for purposes of

clarity and should not be construed as an endorsement,
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RESULTS

In order to present a coherent picture of the varied
indices measured, the results are presented in two forms.
In Fig ‘res 4 and 5 and in Table II are summarized those
results which showed either a similarity or a difference
between the two types of dive profiles. 1In the
Appendices B-D, results are tabulated by individual diver.
At this point, not all >f these results can be ezxplzined,

but in one case certain of the changes were apparently

AR IR AN RN MR I IR e

due to the onset of mumps duriag the exposure (6).

i Figure 4 summarizes the results of serum CPK analysis
obtained on all 3 profiles. It is readily apparent

that the results on the three¢ saturation-excursion dives,
one at 300 FSW and two at 600 FSW, are qualitatively and

: quantitatively similar., Midway through the excursion

1 phase of the dive, a 10-fold increase in mean CPK

activity was observed which returned to baseline during
decompression. A slight increase was apparent one or two

days post-dive. 1In contrast, the mean CPK level fluctuated

ragne

within control levels throughout the 1000 FSW dive. Lactate

dehydrogenase showed a similar, but not as large.

g AR N s

increase ‘as CPK. Glutamate-9oxalacetate transaminase and

OF o <RI ¢ bt B

amylase activities did not appear to change as a result

N

of the nyperbaric exposure.
Serum lactic acid levels increased dvring the botteom

} time on the 600 and 1000 foot profiles (Figure 5). .The :levation
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was carrelated to some extent with the depth, the
greatest elevation being observed at the 1000 FSW
depth.

Serum glucose wss depressed slightly during the
hyperbaric exposure at 660 ¥SW (Table II). As in the
other biochemical determinations, the changes were transient
and returned to baseiine during the wecompression.

The other biochemistries measured, including lipo-
protein distribution, neutral lipid distribution, and
phospholipid distributicn, did not change as a result of

hyperbaric exposure (Appendices B-D).
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DISCUSSION
To discuss the changes observed on these dives
adequately, it is necessary to define all the stresses
. that could affect the divers. During all dives, there is

a psychological component that will vary from individual

to individual, depending on experience, attitude and

i

the type of dive being performed. Although some changes
in the biochemical constituents of serum have been
attributed to psychological stresses (7), we have either

not measured these constituents or not attempted to correlate

LN s T MY iy NS e

psychological stress with the changes observed. Instead, we
5 have tried to correlate those changes with the physical
¢ stresses encountered and to determine the usefulness of
serum chemistries in assessing the severity of thcse
physical stresses.

The identification of the stresses as entities is not
difficult. However, the comhination of one stress
followed by two or more others concurrently is more

difficult to interpret. The individual parameters would be

rate and extent of compression, exercise, excursion dives, including

both compression and decompression, immersion

and finally decompression. The 1000 FSW dive eliminated
several of these variables completely and minimized others,
The compression rate was, for example, slow (in 200 foot

increments) and there were no excursions providing repetitive

cycles of compression and Jecompression.

> 3 SRR
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In contrast, the exercise level on the 1000 foot dive
was much greater than on the 300 and 600 FSW dives reported
earlier. Additionally, the duration was longer and the
final saturation pressure was deeper.

0f the serum constitusnts measured, the biggest
contrast between thc 1900 FSW saturation dive and the
300 and 600 FSW saturation~-excursion dives was in serum CFK
activity, While in the saturation-excursion dives the
mean CPK level increased tenfold during the bottom phase
of the dive, there was no change in CPK in any of the samples
on the saturation dive. During the bottom time, divers
on the 300 and 600 FSW dives were exposed to several wet
excursion cycles daily. No .changes in CPK activity were-
seen in any of the three profiles in the sample obtained
24 hours after the start of compression. Compression, at
the rate performed on these dives, presumably cannot
accceunt for the subsequent elevations in the serum CEK,
Additionally, exercise at high pressure does not seem to be
a contributing factor since the zmcunt of exercise was much
greater on the 1000 foot dive where no changes were observed.
CPK activity. Of all the stresses that have been d¢dentiffed,
distinguished, only the repeated cycle of compression and
decompression during the excursions would seem responsible for
tue increased CPK. To test this hypoihesis further, it would
be necessary to perform similar analyses cn non-saturation

dives repeateds several times daily. Additiocnally, sacturation
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dives to 600 FSW without excursions or exercise would lend
insight into the causative stress,

An increased level of serum enzyme is generally
attributed to tissue damage resulting in release of cellular
enzymes into plasma. Analysis of one or several enzyuses
can frequently ideatify the tissue damaged. CPK is an
enzyme which is primarily present in cardiac and skeletal
muscle. It seems logical, therefore, that elevations in
this enzyme activity in serum are a result of trauma
to either cardiac or skeletal muscle. It further suggests
that, although no clinical signs of decompression sickness
were observed, repeated stress caused sufficient damage
to skeletal and/or cardiac muscle to result in an elevation
in serum levels of CPK, Serum LDH activity alsc increased
similarly to CPK. However, the magnitude of the change
was much ess. LDH isoenzyme distribution was not
significantly influenced by this change. This was not
vnexpected as the total artivity remained within a '"normal"
range.

The elevations of serum lactic acid levels may represent
a rcombination of several effects. Although exercise can produce
elevations of sevrum laccate, it is unlikely that an elevation
would persist during the six hour overnight rest period.
Increased lactate production could also result from increased
glycogenolysis subsequent to epinephrine secretion. However,

secretion of epinephrine generally raises both lactate and
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glucose levels in blood. Since we noted an apparent decrease
in serum glucose, it would seem that epinephrine cculd not
be the sole determinant in elevating serum lactate.

Other possible metabolic alterations that could account
for increased lactate include tissue hypoxia. Tissue hypoxia
would result in increased lactate production concomitant with
oxidization of reduced pyridine nucleotides. The bradycardia
noted by Salzano (9) on deep dives could cause such a
relative tissue hypoxia by reducing muscle blood flow. Both

blood flow measurements and arterial oxygen content measure-

{ ments at depth would be desirable to further examine these
] : possibilities.

One further explanation is that the time between
venipuncture and separation of serum was suificient to allow

substantial production of lactic acid by erythrocytes.

———

The blood samples were placed immediately into an ice bath
3 . to slow metabolic reactions, but no metabolic inhibitors
i were used in order that the greatest number of constituents
% could be measured, With this observation, future studies
) should be designed to have either (a) in-chamber separation
of serum, or (b) in-chamber precipitation of whole blocd.
The measurement of serum pyruvate would give further insight
into these possible mechanisms,

The decrease in glucose observed on this dive is similar
to that observed by Vorosmurti, et al. (3,4), That is, all

in-dive samples were lower than baseline, but still within a

T s
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clinically acceptable range. These authors noted no pressure
dependence in this phenomeaon at depths up to 600 FSW, nor

. did we at depths up to 1000 FSW. Future investigations should
be aimed at confirming this observation and attempting to
determine the cause. Since serum glucose is significantly
affected by hormonal control, the underlying mechanism
could be a change in hormone secretion as a response to stress.

In summary, of the various constituents monitored

during these exposures, three appear to suggest alterations
in the physiological status of the diver. Incvease in
creatine phosphokinase suggests that either overt tissue
damage occurred, or that the permeability of muscle
membrane to CPK increased. The increases in lactic acid

concentration and decrease in glucose concentration suggest

altered carbohydrate metabolism during hyperbaric exposure.
Although the changes observed do not suggest that overall
performance or safety are endangered, they have provided

the basis for subsequent investigations (8).
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TABLE 1

RATE OF DECOMPRESSION
FROM SATURATION EXPOSURES
ON HELIUM-OXYGEN

17

(Feet

DEPTH
Sea Water)

RATE*
(Feet per Hour)

Initia

1000 -

200 -

100 -

50 -

1 30 foot ascent
200
100
50

Surface

10

6

* Decompression is interrupted daily between 1400

and 1600 hours and between 0000 and 0600 hours.
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TABLE 1I1I

SERUM GLUCOSE LEVELS DURING
HYPERBARIC EXPOSURE

300 FSW 600 FsSW 1000 FSW
Sample Dive Dive Dive
Pre Dive 81 + 15 (8)' 105 + 11 (24) 101 + 11 (15)
Bottom 86 + 6 (12) 97 + 14 (33) 99 + 9 (32)
Decompressio.: 88 + 10 (16) 94 + 7 (29) 100 + 7 (16)
Post Dive 89 + 13 (4) 103 + 12 (17) 100 + 6 (7)
' X + S. D. (N)
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FIGURE 1

Profile of 300 FSW saturation-excursion dive. Triangles indicate
days on which blood samples were obtained.

T I e TPy




20

ELAPSED TINES (DATS)

o— -

g T
.

t«d—

[ )

-
..
e
l —0"-t"ltlboooa t.65~:~0vroowon'uu:-lam':m"-n C] .
1 & a ) & & a a 4 4 A b o
'

FIGURE .

Profile of 600 FSW saturation=excuriion dive. Triangles indicate
days on which blood sumples were obtained.
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FIGURE 3

Profile of 1000 F5W saturation dive. Triangles indicate days on
which blood samples were obtained.
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FIGURE 4

S3erum CPK Levels during Hyperbaric Exposure
Each point represents the mean + 1 S.D. for all divers on that
dive. The shaded area is the mean + -1 S.D. for all pre-dive control
values, A, B, and C are the 300 FSW saturation-excursion dive, the
60C FSW saturation-excursion dive, and the 1000 saturation dive,
respectively.
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FIGURE 5

Serum Lactic Acid Levels during Hyperbaric Exposure

Each point represents the mean + 1 S.D. for all divers on that
dive. The shaded area is the mean + 1 $.D. for all pre-dive control
values. A, B, and C are the 300 FSW saturation-excursion dive, the
600 FSW saturation-excursion dive, and the 1000 FSW saturation dive,
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APPENDIX A

DESCRIPTIVE PHYSICAL v.TA ON DIVERS

NAME AGE HEIGHT WEIGHT CLASS YEARS OF EXPERIENCE

A, 300 FSW Saturation Excursion Dive

Gramm 29 64 159 1st 6
Medina 26 66 1/2 175 1st 5
Evans 33 70 187 1st 1
Conyers 23 70 3/4 157 1st 2

B. 600 FSW Saturation Excursioun Jive
Gray 37 71 1/2 169 st 12
Larimore 27 66 1/2 230 1st 31/2
Miller 27 69 197 Ist 3
Wilson! 32 72 1/2 200 st 8
Eubanks 23 74 224 ls: 5
Guzicki 27 73 1/4 195 1st 5
Lewis 36 67 191 3/4 lst 6
Roan 31 64 1/2 162 1st 5

C. 1000 FSW Saturation Dive
Alexander 30 73 210 sM02 2
Brown 32 71 186 1st 5 1/2
Majendie 36 67 1/2 175 Officer 6
Guzicki 27 73 1/4 195 1st 5

1

Diver who developed mumps aft~r compression
2

Submarine Medical Officer




R &

L B

P I R e B A U o e s
1

i

-
TN v 2 LY N e e it sl Lide s coaiciiaditd g ]

25

APPENDIX B
Individual Summaries of Serum

Biochemistries by Diver for 300 FSW Saturation-Excursion Dive
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APPENDIX C
Individual Summaries of Serum

Biochemistries for 600 FSW Saturation-Excursion Dive

Abbreviations of Neutral Lipids:

TG = triglyceride
CE = cholesterol esters

Abbreviations of Phospholipids:

LPC = lysophosphatidyl choline
SPH = gphingomvelin

PC = phosphatidyl choline

PI = phosphatidyl inositol

PE = phosphatidyl ethanolamine
PC = glycerol

CA = cardiolipin

PA = phosphatidic acid
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APPEFYIX D
Individual Summaries of Serum

Biochemisiries for 1000 FSW Saturation Dive
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APPENDIX E

Summary of Clinical Findings
FSW Saturation-Excursion Dive
No symptoms were veported by the divers during any
phase of the dive.
FSW Saturation-Excursion Dive
No symptoms were reported during compression.
Larrimore reported knee pain and gastrocnemius pain
at the 185 foot stop. The pain was treated with
oxygen but not with pressure. The pain was resolved
by the fourth 30 minute exposure to 217 oxygen.
Wilson developed mumnps on the second day of the

dive. A complete report is presented elsewhere (6).

1000 FSW Saturation Dive

No problems were reported on compression,
Alexander reported dull knee pain which first
occurred at 400 feet. At 185 feet he was treated
with oxygen with only slight improvement. The
pain was completely resolved within 2 days after

surfacing.




